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A B S T R A C T

Purpose
Randomized data suggest that single-fraction or short-course palliative radiation therapy (RT) is
sufficient in the majority of patients with metastatic cancer. We investigated population-based
patterns in the use of palliative RT among patients with metastatic non–small-cell lung can-
cer (NSCLC).

Patients and Methods
From patients diagnosed with lung cancer from 2003 to 2005 at a participating geographic or
organizational site and who consented to the Cancer Care Outcomes Research and Surveillance
Consortium study, we identified patients with metastatic NSCLC who had complete medical
records abstractions. Patient characteristics and clinical factors associated with receipt of palliative
RT and RT intensity (total dose and number of treatments) were evaluated with multivari-
able regression.

Results
Of 1,574 patients with metastatic NSCLC, 780 (50%) received at least one course of RT, and 21%
and 12% received RT to the chest and bone, respectively. Use of palliative RT was associated with
younger age at diagnosis and receipt of chemotherapy and surgery to metastatic sites. Among
patients receiving palliative bone RT, only 6% received single-fraction treatment. Among patients
receiving palliative chest RT, 42% received more than 20 fractions. Patients treated in integrated
networks were more likely to receive lower doses and fewer fractions to the bone and chest.

Conclusion
When palliative RT is used in patients with metastatic NSCLC, a substantial proportion of patients
receive a greater number of treatments and higher doses than supported by current evidence,
suggesting an opportunity to improve care delivery.

J Clin Oncol 31:558-564. © 2013 by American Society of Clinical Oncology

INTRODUCTION

About half of patients with non–small-cell lung can-
cer (NSCLC) have metastatic disease at diagnosis.
Because the life expectancy of most patients with
metastatic NSCLC is measured in months,1-3 symp-
tom management and quality of life are important
treatment goals. Radiation therapy (RT) in this set-
ting is not curative and is frequently used to palliate
symptoms from both thoracic and distant meta-
static disease. When palliative RT is recommended,
radiation oncologists must decide on a total dose
and dose per treatment (dose per fraction). This
determines the total number of treatments (number
of fractions) and consequently the number of pa-
tient visits needed. For RT delivered with curative

intent, the goal is to deliver a high total dose to the
tumor while limiting long-term toxicity to normal
tissues, achieved by dividing the treatment into a
high number of low-dose fractions. This results in a
long overall treatment course, requiring up to 7 or 8
weeks of daily treatment. In contrast, for patients
receiving palliative RT, shorter overall treatment
times are desirable because they offer lower costs
and greater convenience, with fewer daily trips
for RT, a particular burden in the face of short
life expectancy.4

The optimal strategy for delivery of palliative
RT to bony metastases has been evaluated in multi-
ple randomized trials.5-7 Several meta-analyses, in-
cluding up to 16 randomized studies, have shown
no significant difference in pain relief between
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single-fraction (total dose 5 to 15 Gy) and multifraction (total dose 15
to 30 Gy in three to 10 fractions) RT for painful bony metastases,
although reirradiation rates were higher (20% v 8%) with single-
fraction RT, which may suggest poorer durability.8-10 Furthermore,
quality of the randomized studies was variable, comparison arms were
heterogeneous, and follow-up was relatively short.

For palliative RT to the chest, the data are more nuanced. Several
meta-analyses, including up to 14 randomized studies, have found
that shorter, lower-dose RT courses (10 to 35 Gy in one to 10 daily or
16 twice-daily fractions) result in equivalent palliation of specific
symptoms with less treatment-related dysphagia, although higher
doses (17 to 60 Gy in two to 30 fractions) were associated with a small
improvement (27% v 22%) in 1-year survival.11-15 Because of hetero-
geneity in doses and treatment technique, the optimal dose is un-
known, although sensitivity analysis suggested a benefit with a
biologically effective dose (BED) of 35 (roughly 30 Gy in 10 treat-
ments) compared with lower doses.13

Despite this extensive literature, controversy persists, and surveys
of radiation oncologists that used clinical vignettes suggest that, par-
ticularly for bone metastases, providers may prefer higher doses and a
greater number of fractions than those supported by data from ran-
domized studies.16 However, there are scarce data on actual treatment
practice. We therefore sought to characterize palliative RT dose and
fractionation in a large, national population-based cohort of patients
with metastatic NSCLC to understand how efficacy studies have been
translated into practice.

PATIENTS AND METHODS

Sources of Data

The Cancer Care Outcomes Research and Surveillance Consortium
(CanCORS) study prospectively enrolled 5,528 patients age 21 years or older
who were diagnosed with lung cancer in Northern California, Los Angeles
County, North Carolina, Iowa, or Alabama, or who received care in one of 10
Veterans Administration sites or one of five large health maintenance organi-
zations (HMOs) from 2003 to 2005. Patients were identified within 3 months
of diagnosis from population-based cancer registries at geographic sites and
from pathology and cytology records at organizational sites.

Patients or their surrogates (for patients too ill to respond or deceased)
completed an initial phone survey 4 to 7 months after diagnosis. Medical
records (MRs) from all physicians involved in the patients’ cancer care from 3
months before through 15 months after diagnosis were abstracted, including
information on cancer-related diagnostic and staging procedures, surgery,
chemotherapy, RT, tumor stage, comorbid illnesses, and test results. Among
patients receiving RT, treatment dates, site of RT, type of RT, total dose, and
fractionation were recorded. All patients gave written informed consent to
participate in the study.17,18 The demographics of the CanCORS population
have been shown to correspond well to those of the Surveillance, Epidemiol-
ogy, and End Results (SEER) population, although the age distribution is
slightly younger.19

Study Cohort

We identified patients who had complete MR abstraction and presented
with stage IV NSCLC or developed metastatic recurrence after initial earlier-
stage disease. Metastatic recurrence was defined when first tumor recurrence
occurred only in an extrathoracic site.

RT

Use of palliative RT. Radiation oncology consultation and treatment
with external beam RT (excluding stereotactic RT) were identified from the
MR abstraction. RT site was identified from MR abstraction, and only radia-

tion courses occurring after the date of stage IV diagnosis or metastatic recur-
rence were included in the analysis.

Radiation dose and fractionation. We focused on dose and fraction-
ation to chest and bony sites of disease. Because we did not have data with
sufficient granularity on brain metastases to determine appropriate treat-
ment options, dose and fractionation to the brain were not assessed. For
descriptive analyses, radiation dose was grouped as �10, more than 10 to
20, more than 20 to 30, more than 30 to 40, more than 40 to 50, and more
than 50 Gy. Numbers of fractions were grouped as less than 6, 6 to 10, 11 to
15, 16 to 20, and more than 30, with five fractions corresponding to
roughly 1 week of treatment. Total dose was missing for 9% and 6% of
chest and bone RT patients, respectively. When data on number of frac-
tions were incomplete in the MRs, we calculated missing values when
possible by using the following equation: total dose � dose per fraction �
number of fractions. Data on number of fractions were missing for 22%
and 14% of chest and bone RT patients, respectively. After using calculated
values, 15% and 11% of chest and bone RT patients, respectively, had
missing values.

Because total dose may not always reflect potency, we also calculated
BED, a measure of potency that accounts for dose and fractionation. In our
cohort, BED (without time adjustment) was highly correlated with total dose
(Pearson correlation of 0.99 for chest RT and 0.98 for bone RT). Therefore
only total dose data were reported.

Covariates

Demographic variables. Sociodemographic characteristics including
sex, marital status, race, and insurance were obtained from the initial survey.
For patients with missing information in the survey, data from the MR abstrac-
tions were used when available. All variables were grouped into mutually
exclusive categories as listed in Table 1. Patients with any Medicaid coverage
were classified in the Medicaid group.

Clinical variables. Clinical variables were obtained from MR abstraction
and included comorbidity as well as use of chemotherapy and surgery. Comor-
bidity was classified as none, mild, moderate, or severe according to the Adult
Comorbidity Evaluation.20,21 Receipt of chemotherapy was identified at any
time after metastatic diagnosis or recurrence. Surgery after metastatic diagno-
sis or recurrence was classified according to whether it was directed at the
primary site (wedge/segmental resection, lobectomy, or pneumonectomy) or
to a metastatic site (brain, bone, liver, or adrenal glands).

Provider variables. Patients were categorized by CanCORS Primary
Data Collection and Research (PDCR) site and whether treatment was re-
ceived within an integrated network. Patients were considered to be treated in
an integrated health system network if they were enrolled in a staff model
health maintenance organization (HMO) or received their care through the
Veterans Administration.

Statistical Analysis

We used univariable logistic regression to assess associations between
demographic, clinical, and provider variables and the use of palliative RT.
All a priori variables of interest, regardless of statistical significance, were
included in a multivariable logistic regression model to identify variables
independently associated with use of RT. Univariable and multivariable
linear regression analyses were also performed to assess associations be-
tween the covariates and total dose and number of fractions of palliative
chest and bone RT.

Item nonresponse was minimal (� 2% for variables of interest), and
statistical analyses were conducted on a multiply-imputed data set by using
standard statistical methods.22,23 Because there was significant collinearity
between the PDCR site and care in an integrated network, final models
included only integrated networks. Alternative models that included only
PDCR site or both PDCR site and integrated network were also evaluated.
P values were two-sided, and values less than .05 were considered statisti-
cally significant. Statistical analyses were conducted by using SAS, version
9.2 (SAS Institute, Cary, NC) and STATA, version 11.1 (STATA, College
Station, TX).
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RESULTS

Patients

Of 5,528 patients with a diagnosis of lung cancer enrolled onto
CanCORS, 1,574 satisfied our inclusion criteria and had metastatic
disease at diagnosis (n � 1,373) or distant first recurrence (n � 201)
within 15 months of diagnosis (Fig 1). Median survival following
metastatic diagnosis was 4.7 months; 20% were alive at 15 months, the
end of our observation period.

The median age of our cohort was 68 years, and 35% were female.
Overall, 895 patients (57%) had at least one visit with a radiation
oncologist following the date of metastatic diagnosis, and of these, 780
(87%) received at least one course of RT. Fifty-one percent received at
least one course of chemotherapy after metastatic diagnosis, 6% had
surgery directed at the primary tumor, and 6% had surgery to a
metastatic site. Table 1 lists the baseline demographic and clinical
characteristics of our cohort, as well as attributes of their providers.

Table 1. Baseline Characteristics Among Patients With Metastatic NSCLC

Characteristic
No. of Patients

(N � 1,574) %

Demographic characteristics
Age at diagnosis, years

21-54 205 13
55-64 389 25
65-74 539 34
75� 441 28

Sex
Male 1,022 65
Female 552 35

Marital status
Married/living as married 933 59
Not married 623 40
Unknown 18 1

Race
White 1,122 71
Hispanic/Latino 74 5
African American 222 14
Asian/Pacific Islander 78 5
Other 72 5
Unknown 6 0.4

Insurance
Medicare 263 17
Medicaid 158 10
Medicare plus private 539 34
Private 387 25
Other 212 13
Unknown 15 1

Clinical characteristics
Comorbidity score�

None 326 21
Mild 581 37
Moderate 335 21
Severe 332 21

Chemotherapy after metastasis
No 770 49
Yes 804 51

Primary lung cancer–directed surgery
after metastasis
No 1,474 94
Yes 100 6

Metastatic site surgery†
No 1,480 94
Yes 94 6

Provider characteristics
Integrated network

No 919 58
Yes 655 42

PDCR site
Cancer Research Network 218 14
Northern California 322 20
Alabama 192 12
Los Angeles 235 15
Iowa 336 21
Veterans Administration 271 17

Abbreviation: NSCLC, non–small-cell lung cancer; PDCR, Primary Data
Collection and Research.

�Defined by using the Adult Comorbidity Evaluation 27, a validated medical
record-based system that assigns each patient a four-category comorbidity
score (none, mild, moderate, or severe) based on severity noted across
multiple body systems, from 3 months prior to diagnosis to initial treatment.

†Includes surgery to brain, bone, liver, or adrenal glands.
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Fig 2. Use of palliative radiation by treatment site. Each patient was counted
once for each treatment site. RT, radiation therapy.

Patients with lung cancer sampled, eligible, and with 
baseline interview or medical record abstraction data

(N = 5,528)

Medical record abstraction data
(n = 4,406; 80%)

Non–small-cell lung cancer
(n = 3,634; 82%)

Stage IV or distant at diagnosis
(n = 1,373; 38%)

Other stages (I-III, local, regional)
at diagnosis

(n = 2,261; 62%)

With any recurrence within 
15 months

(n = 375; 17%)

With distant recurrence within
15 months

(n = 201; 54%)

Fig 1. Study cohort.
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Among patients who received palliative RT, 67% had one course
of treatment, 25% had two courses, and 8% had more than two
courses during the 15 month follow-up period. The most common
sites of treatment were the chest, bone, and brain, with 21%, 12%, and
22% of patients in our cohort receiving at least one course of RT to
these sites, respectively (Fig 2).

Factors Associated With Use of RT

The only demographic or provider characteristic statistically signifi-
cantly associated with use of RT in multivariable analysis was patient age.
Patients older than age 80 years had only half the odds of receiving RT as
those younger than age 55 years (39% v 61%; adjusted odds ratio [OR],
0.47; overall P � .003). There was no significant association with sex,
marital status, race, comorbidity, or insurance type.

Patients treated with systemic chemotherapy were more likely to
receive RT (56% v 42%; adjusted OR, 1.66; P � .001). Only 6% of
patients had surgery directed at the primary tumor, but those who did
were less likely to receive RT (36% v 50%; adjusted OR, 0.41;
P � .001). In contrast, those with surgery directed at metastatic sites
(bone, brain, liver, adrenal glands) were more likely to receive RT
(65% v 49%; adjusted OR, 1.90; P � .006; Table 2).

Radiation Dose and Fractionation

Among 194 patients who received palliative RT to the bone with
known number of fractions, 50% of patients received six to 10 treat-
ments, 20% received five fractions or fewer, and 6% received a single
fraction. Among 206 patients with known dose, 49% received between
21 and 30 Gy.

Table 2. Demographic, Provider, and Clinical Factors Associated With Use of RT

Predictor
% of Patients

Who Received RT

Unadjusted Adjusted

OR 95% CI P OR 95% CI P

Age at diagnosis, years � .001 .003
21-54 61 Reference Reference
55-69 56 0.81 0.57 to 1.14 0.89 0.62 to 1.28
70-79 49 0.61 0.44 to 0.85 0.63 0.41 to 0.95
80� 39 0.42 0.30 to 0.59 0.47 0.30 to 0.73

Sex .63 .93
Male 50 Reference Reference
Female 49 0.95 0.77 to 1.17 0.99 0.78 to 1.25

Marital status .02 .13
Married/living as married 52 Reference Reference
Not married 46 0.78 0.64 to 0.96 0.84 0.67 to 1.05

Race .20 .29
White 49 Reference Reference
Hispanic/Latino 53 1.18 0.73 to 1.88 1.10 0.67 to 1.79
African American 48 0.96 0.72 to 1.29 0.93 0.68 to 1.28
Asian/Pacific Islander 53 1.17 0.74 to 1.85 1.01 0.62 to 1.63
Other 63 1.76 1.08 to 2.87 1.75 1.04 to 2.94

Insurance .04 .65
Medicare 49 Reference Reference
Medicaid 47 0.95 0.64 to 1.42 0.80 0.52 to 1.23
Medicare plus private 45 0.88 0.65 to 1.18 0.81 0.59 to 1.12
Private 55 1.30 0.95 to 1.78 0.75 0.50 to 1.12
Other 54 1.21 0.85 to 1.74 0.81 0.52 to 1.25

Comorbidity score .14 .34
None 49 Reference Reference
Mild 53 1.19 0.91 to 1.57 1.23 0.92 to 1.64
Moderate 48 0.96 0.71 to 1.30 1.04 0.75 to 1.44
Severe 46 0.89 0.65 to 1.20 0.99 0.71 to 1.38

Chemotherapy after metastasis � .001 � .001
No 42 Reference Reference
Yes 56 1.77 1.45 to 2.16 1.66 1.34 to 2.05

Primary lung cancer–directed surgery after
metastasis

.006 � .001

No 50 Reference Reference
Yes 36 0.55 0.36 to 0.84 0.41 0.26 to 0.63

Metastatic site surgery .003 .006
No 49 Reference Reference
Yes 65 1.96 1.27 to 3.02 1.90 1.20 to 3.00

Integrated network .02 .07
No 52 Reference Reference
Yes 46 0.79 0.65 to 0.96 0.82 0.66 to 1.02

Abbreviations: OR, odds ratio; RT, radiation therapy.
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Among 297 patients who received palliative RT to the chest with
known number of fractions, 42% received more than 20 fractions,
corresponding to about 4 weeks of daily treatment. Among 319 pa-
tients with known dose, 65% received in excess of 30 Gy, and 33%
received more than 50 Gy. Figures 3A and 3B show the distribution of
number of fractions and dose among patients receiving RT to the chest
or bone.

On multivariable analysis, we found that patients treated in inte-
grated networks received on average 3.4 fewer fractions (P� .001) and
4.0 Gy less dose (P� .049) when treated with palliative RT to the bone.
They received, on average, 2.9 fewer fractions (P � .047) and 4.8 Gy
less dose (P � .04) when treated with palliative RT to the chest. Those
with greater comorbidity scores tended to receive higher total doses to
the bone (overall P � .005), although the number of fractions did not
differ significantly (overall P � .10). Those receiving chemotherapy
after metastatic diagnosis, on average, received 7.0 more fractions and
11.3 Gy more dose to the chest (both P � .001). None of the other
covariates were significantly associated with total RT dose or number
of fractions to the chest or bone.

DISCUSSION

We found that 50% of patients with metastatic NSCLC received at
least one course of palliative RT within 15 months of diagnosis, con-
sistent with prior estimates of palliative RT use in patients with
NSCLC.24,25 In addition, our finding that palliative RT was more likely

to be used in younger patients who received chemotherapy and in
patients treated with surgery to metastatic disease corroborates prior
work showing that patients who were younger and had higher perfor-
mance status were more likely to receive intensive treatment
for NSCLC.26

Prior studies evaluating RT use in population-based cohorts
have relied on registry-based data such as that from SEER-
Medicare, which do not permit ascertainment of how treatment
was delivered or dose and fractionation.24 Because CanCORS in-
cluded comprehensive MR abstraction, we had a unique opportu-
nity to measure not only whether but also how palliative RT was
delivered. Indeed, our most striking finding is that when patients
received palliative RT, they often had higher doses delivered in
more fractions than the randomized data suggest is necessary. This
occurred despite the fact that patients in our cohort had shorter
median survival than most of the populations included the ran-
domized studies of RT dose and fractionation.5-7,11,12

Although there is ample evidence that single-fraction RT for
bone metastases is effective in most patients, we found that only
6% of patients treated for bone metastases received single-fraction
RT. Since the 1980s, multiple randomized studies have compared
single-fraction to multifraction RT, and most have failed to dem-
onstrate a significant difference in symptomatic pain relief.5-7

Meta-analyses in 2003 and 2007 also did not find any differences in
pain relief between single-fraction and multifraction bone RT.8,9

Although reirradiation rates were higher in the lower-dose arms, it
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Fig 3. (A) Distribution of number of palli-
ative radiation fractions (chest, bone); 568
courses for 472 patients. (B) Distribution of
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bone); 568 courses for 472 patients.
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is unclear whether this reflected a true difference in outcome, or
simply increased willingness of providers to retreat after single-
fraction versus multifraction RT.9 Notwithstanding this body of
evidence, international surveys of practicing radiation oncologists
have suggested a reluctance to recommend single-fraction regi-
mens, which is especially pronounced in the United States.16,27

Despite data suggesting a small survival benefit in patients
receiving modestly higher palliative doses to the chest (approxi-
mately 30 Gy in 10 fractions), there is no strong evidence of
additional benefit from even higher doses. Meta-analyses pub-
lished between 2003 and 2008 concluded that shorter, lower-dose
RT to the chest results in equivalent control of most symptoms,
with fewer treatment-related adverse effects. The most recent anal-
ysis found a 4.8% improvement in 1-year survival among patients
receiving higher doses,13 although only one randomized study
evaluated a dose in excess of 50 Gy.28 In our study, we found that
65% of patients treated with palliative chest RT received more than
30 Gy, and 33% received more than 50 Gy, which exceeds the dose
levels evaluated in nearly all of the randomized studies. Some may
believe that the small differences in dose potency evaluated in
randomized studies were not high enough to observe a dose-
response effect. However, this would argue for additional studies,
rather than wide adoption of untested dose levels.

One possible explanation is that, despite evidence to the con-
trary, radiation oncologists continue to believe that higher total
doses and fractionation schema are preferred. Providers may be-
lieve that higher doses can be delivered with minimal toxicity and
may fail to adequately weigh the time and monetary costs incurred
by patients and the health care system. Prior studies have shown
that providers may also be overly optimistic about or have diffi-
culty communicating a patient’s prognosis.29-32 There are scarce
data on patient preferences in the United States, but small studies
from other countries suggest that patients can be involved in
the decision-making process and that, although preferences
vary,27,33-35 many may prefer shorter palliative RT courses when
informed about alternatives. Longer treatment schedules are reim-
bursed at higher levels by insurance providers, raising the possibil-
ity that financial incentives could also influence practice patterns.
Indeed, our observation that patients treated in integrated net-
works (HMO and Veterans Administration providers) had similar
rates of palliative RT but received shorter treatments when RT was
given, raises provocative questions about the role that physicians’
financial incentives may play in decision making.36,37 Alterna-
tively, the ability of integrated networks to shape care delivery may
also influence RT treatment patterns.

Recent practice guidelines from the American Society of Ra-
diation Oncology (ASTRO), the American College of Radiology
(ACR), and the National Comprehensive Cancer Network
(NCCN) are supportive of shorter palliative RT courses.38-42 Al-
though such guidelines have the potential to improve radiation
oncology practice by better educating practitioners, our observa-
tion that practice may vary according to reimbursement structure
suggests that realignment of financial incentives for treatment may
also be warranted.

There are several limitations to our study. Notwithstanding
the extensive MR abstractions, there was limited clinical informa-
tion on symptoms or events leading to palliative RT, the specific

anatomic site of RT, or response to treatment. More importantly,
we could not ascertain physicians’ thought processes or rationale
for selecting a particular dose and fractionation. In addition, im-
proved survival among patients with oligometastic disease or
among patients receiving molecular agents, such as epidermal
growth factor inhibitors, could alter how the costs and benefits of
palliative RT are weighed. Most patients in our study were also
enrolled before publication of the largest US bone metastases
study,6 and practitioners could be slower to adopt data from for-
eign studies. Although our analysis found shorter treatment
courses in integrated network settings, we cannot rule out the
possibility that our integrated network variable could also be cap-
turing regional effects, since these patients were concentrated near
the Northern California PDCR site. However, the magnitude of the
integrated network effect on dose and number of fractions per-
sisted in sensitivity analyses that controlled for PDCR site.

In conclusion, palliative RT is frequently used in patients with
metastatic NSCLC and has clearly demonstrated ability to improve
quality of life in those patients. However, treatment can incur
significant time and monetary costs for patients with limited life
expectancy. We found that a substantial proportion of patients
treated to the bone or chest receive higher doses and more fractions
than clinical trial data supports. Our observation that patients
treated in integrated networks receive lower total doses and fewer
fractions suggests that provider characteristics, organizational
structures and processes, and/or financial incentives may influence
clinical practice. However, further study is necessary to clarify the
reasons for the extent of overly intensive care and to develop
strategies for bringing evidence and practice into better alignment.
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